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REAL PARTY IN INTEREST 

The real party in interest is Sharp Laboratories of America, 
Inc., as assignee of the present application by an Assignment in the 
United States Patent Office, with a recordation date of March 19, 2004 at 
Reel 015123, Frame 0830. 

RELATED APPEALS AND INTERFERENCES 

None. 

STATUS OF THE CLAIMS 

Claims 1-15 and 18-19 are canceled. 
Claims 16-17 and 20-28 are in the application. 
Claims 16-17 and 20-28 are rejected. 
Claims 16-17 and 20-28 are appealed. 

STATUS OF AMENDMENTS 

Amendments to the claims were made in an Office Action 
response filed on February 8, 2006. These claim amendments have been 
entered. 

SUMMARY OF CLAIMED SUBJECT MATTER 

Generally, the invention is a type of non-volatile memory 
transistor. Conventionally, a charge (memory state) can be stored in a 
transistor gate stack by using either a conductive charge trapping layer 
(floating gate), or more preferably, a non-conductive charge trapping 
layer, which is made from either a silicon nitride or oxide/nitride/oxide 
(ONO) stack. The use of silicon nitride can (undesirably) lead to lateral 
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diffusion of charge, while the oxide in an ONO stack must be of a high 
quality, and therefore, difficult to fabricate. Additional details describing 
conventional non- volatile memory transistors can be found in the 
Applicant's specification (page 1, line 8, through page 3, line 21; see Fig. 
1). 

Claim 16 describes a method for fabricating a non-volatile 
memory transistor. The transistor comprises a gate stack with a single 
layer of high-k dielectric material underlying the gate electrode. Charge 
trapping centers are formed in the high-k dielectric in response to being 
exposed to an ionized species. Claim 16 specifically recites that there is 
no oxide layer underlying the high-k dielectric, and no oxide layer 
overlying the high-k dielectric. Details of the process can be found in the 
specification at page 5, line 9, through page 7, line 24, and at page 9, lines 
9-18 (see Fig. 2). 

GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

1. Whether claims 16-17, 20-22, and 25-27 are 
unpatentable under 35 U.S.C. 103(a) with respect to Halliyal (US 
6,451,641), in view of King (US 6,754,104) and Kirkpatrick (US 
4,197,144). 

2. Whether 23 is unpatentable under 35 U.S.C. 103(a) 
with respect to Halliyal, King, and Kirkpatrick, and further in view of 
Chooi (US 6,486,080) and Agarwal (US 2001/0015453). 

3. Whether claim 24 is unpatentable under 35 U.S.C. 
103(a) with respect to Halliyal, King, and Kirkpatrick, and further in view 
of Liang (US 5,372,957). 
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4. Whether claim 28 is unpatentable under 35 U.S.C. 
103(a) with respect to Halliyal, King, and Kirkpatrick, and further in view 
ofMoslehi (US 5,372,957). 

ARGUMENT 

1. The rejection of claims 16-17, 20-22, and 25-27 as 
unpatentable under U.S.C. 103(a) with respect to Halliyal (US 
6,451,641), in view of King (US 6,754,104) and Kirkpatrick (US 
4,197,144). 

In Section 4 of the Office Action claims 16-17, 20-22, and 25- 
27 have been rejected under 35 U.S.C. 103(a) as unpatentable with 
respect to Halliyal, in view of King and Kirkpatrick. Regarding claim 16, 
the Office Action acknowledges that Halliyal does not describe the steps of 
inducing trapping centers in a dielectric material, in response to an 
ionized species exposure. The Office Action also states that it would have 
been obvious at the time of the invention to induce trapping centers into a 
dielectric material, as suggested by King and Kirkpatrick, to increase the 
number of storage sites within the dielectric layer. 

An invention is unpatentable if the differences between it 
and the prior art would have been obvious at the time of the invention. As 
stated in MPEP § 2143, there are three requirements to establish a prima 
facie case of obviousness. 

First, there must be some suggestion or 
motivation, either in the references themselves or in the 
knowledge generally available to one of ordinary skill in the 
art, to modify the reference or to combine reference 
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teachings. Second, there must be a reasonable expectation of 
success. Finally, the prior art reference (or references when 
combined) must teach or suggest all the claim limitations. 
The teaching or suggestion to make the claimed combination 
and reasonable expectation of success must both be found in 
the prior art and not based on applicant's disclosure. In re 
Vaeck 947 F.2d 488, 20 USPQ2d, 1438 (Fed. Cir. 1991). 

Halliyal generally describes a MOS transistor made with a 
high-k dielectric (Abstract). The novelty of Halliyal's invention appears to 
be a method of forming a polySi gate electrode that does not "reduce" the 
underlying high-k dielectric gate insulator (col. 5, In. 27-46). Halliyal does 
not describe either a NROM or MONOS memory device, or any kind of 
transistor that operates on a charge trapping or floating gate principle. 
More particularly, Halliyal does not describe the steps of exposing a high- 
k dielectric material to an ionized species, inducing charge trapping 
centers in the high-k dielectric material as a result of the exposure, or a 
device where charge can be trapped in a gate stack. 

Generally, King discloses processes for forming an integrated 
gate FET (IGFET) and a negative differential resistance (NDR) FET using 
common processing operations (Abstract). King states that a first 
electrically insulating layer 1020 (e.g., a high permittivity dielectric) is 
formed over a substrate. King states that it is desirable to induce 
trapping centers in the insulating layer 1020, by ion implantation or 
diffusion (col. 14, In. 4-20). Ions such as boron, indium, arsenic, 
phosphorus, fluorine, chlorine, or germanium are selectively implanted in 
either the substrate, or into the areas where the FETS are to be formed 
(col. 14, In. 31-51). 

The Response to Arguments Section of the Office Action 
states that King describes a memory cell, citing col. 8, In. 56-60. However, 
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the cited section states that "a bistable memory device can be obtained 
when an NDR-FET and IGFET are formed on the same semiconductor 
substrate. Data can be written or read from such cell 100 in any 
conventional fashion..." As is well known the art, a bistable memory cell 
is a multi-transistor circuit that stores a memory state in the form of a 
voltage. King notes that his bistable memory cell 100 consists of a pull-up 
element (e.g., IGFET 110) and a pull-down element (e.g., NDR-FET 120) 
(col. 7, In. 64, - col. 8, In. 3). In other words, the IGFET and NDR-FET 
transistors, as individual elements, do have a charge storage capability. 

As noted in the affidavit accompanying this response, it is 
the opinion of Dr. David R. Evans that King uses change trapping for the 
purpose of inducing a negative differential resistance, and that King's 
charge trapping centers cannot be used for non-volatile purposes. That is, 
King's NDR FET does not store a memory state (charge). 

Generally, Kirkpatrick discloses an ion implantation process 
for forming charge trapping sites into an insulator material. Kirkpatrick 
notes that a memory can be enabled by reading charge storage variations 
in the oxide electrode insulator of a planar diode structure (col. 1, In. 11- 
31). Kirkpatrick explicitly describes such a diode device having a pn 
junction 11/12, an oxide layer 14, and a conductive electrode layer 15. At 
col. 4, In. 5, Kirkpatrick discloses implanting a silicon dioxide insulator 
with Si ions. Unlike the claimed invention, which recites forming charge 
trapping centers in a high-k dielectric, Kirkpatrick discloses a silicon 
dioxide insulator. Unlike, the claimed invention, which recites a 
transistor memory device, Kirkpatrick discloses a diode memory. 

With respect to the first prima facie requirement, there must 
be some suggestion in the King and Kirkpatrick references to modify 
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Halliyal in a manner that makes the claimed invention obvious. The 
Office Action states that it would have been obvious to combine the 
references, to increase the number of storage sites within the dielectric 
layer. However, the Applicant respectfully submits that such a rationale 
can only be constructed in hindsight, in light of the claimed invention. 
That is, it appears as if the references were chosen as a result of a search 
using limitations from the claimed invention as keywords. No evidence 
has been provided of particular features from either the King or 
Kirkpatrick disclosures that would suggest modifications to Halliyal. 

Kirkpatrick is the only reference that specifically mentions a 
memory application. No evidence has been provided in the Office Action 
that an expert in the art would be motivated to modify a process that 
protects a high-k dielectric from reduction (Halliyal), in light of a NDR 
FET or a memory diode, to increase the number of storage sites in a 
dielectric layer, as suggested in the Office Action. On its face this 
assertion is flawed because Halliyal discloses no storage sited in the first 
place. Alternately stated, it is not logical to base the rejection of the 
Applicant's memory transistor upon a primary reference that is not itself 
a memory device. Further, no evidence has been provided that an expert 
would seek to modify Halliyars transistor in such a manner as to make a 
memory transistor. 

The legal concept of prima facie obviousness is a procedural 
tool of examination which applies broadly to all arts. It allocates who has 
the burden of going forward with production of evidence in each step of 
the examination process. See In re Rinehart, 531 F.2d 1048, 189 USPQ 
143 (CCPA 1976); In re Linter, 458 F.2d 1013, 173 USPQ 560 (CCPA 
1972); In re Saunders, 444 F.2d 599, 170 USPQ 213 (CCPA 1971); In re 
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Tiffin, 443 F.2d 394, 170 USPQ 88 (CCPA 1971), amended, 448 F.2d 791, 
171 USPQ 294 (CCPA 1971); In re Warner, 379 F.2d 1011, 154 USPQ 173 
(CCPA 1967), cert denied, 389 U.S. 1057 (1968). 

The CAFC has consistently found over the years that a prima 
facie case for obvious must be based upon a detailed analysis of how and 
why an expert could excerpt known art to make modifications to a cited 
prior art reference. In other words, the examiner must show reasons that 
the skilled artisan, confronted with the same problems as the inventor 
and with no knowledge of the claimed invention, would select the 
elements from the cited prior art reference for combination in the manner 
claimed/' In re Rouffet, 47 USPQ2d 1453, 1457-1458 (1998). 

In the present case, the Office Action states that it would 
have been obvious to combine the teachings of King and Kirkpatrick with 
Halliyal, "to increase the number of storage sites within the dielectric 
layer." The Applicant submits that this statement is insufficient to 
support a prima facie case of obviousness. 

Considered from the perspective of the second prima facie 
requirement, even if an expert were given the three references as a 
foundation, there is no reasonable expectation that this expert could 
derive the claimed invention, since none of the references suggest the 
claimed gate stack structure. That is, none of the reference discloses a 
memory transistor with charge trapping region formed from a single layer 
of high-k dielectric (without an underlying or overlying oxide layer). 

With respect to the third prima facie requirement, even if the 
references are combined, they do not disclose all the elements of the 
claimed invention. Applicant's claim 16 recites the steps of forming a gate 
stack with a single layer of a charge trapping high-k dielectric, without 
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underlying/overlying oxide insulator layers. As noted above, Halliyal does 
not address the subject of charge trapping or of a memory FET. King does 
not address the use of charge traps for memory applications. Kirkpatrick 
does not describe a transistor memory or a high-k dielectric material. 
Therefore, the combination of references does not explicitly describe all 
the steps of claim 16. Neither does the combination of references suggest 
any modifications that make these limitations obvious. Claims 17, 20-22, 
and 25-27, dependent from claim 16, enjoys the same distinctions from the 
cited prior art. 

2. The rejection of claim 23 as unpatentable under U.S.C. 
103(a) with respect to Halliyal, King, and Kirkpatrick, and further 
in view ofChooi (US 6,486,080) and Agarwal (US 2001/0015453) . 

In Section 14 of the Final Office Action claim 23 has been 
rejected under 35 U.S.C. 103(a) as unpatentable with respect to Halliyal, 
King, and Kirkpatrick, and further in view of Chooi and Agarwal. The 
Office Action acknowledges that Halliyal/King/Kirkpatrick do not describe 
a densification annealing, but that Chooi and Agarwal do. The Office 
Action states that it would have been obvious to follow the deposition of 
the Halliyal/King/Kirkpatrick trapping layer with an annealing to cure 
oxygen vacancies. 

At col. 6, In 5-7, Chooi describes the densification of a metal 
oxide. At paragraph [0005] Agarwal describes densification to cure 
oxygen vacancies in a high-k dielectric. It is not clear how these 
references have any application to the claimed invention, which performs 
a densification annealing to prevent delamination of the gate 
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(specification, page 12, In. 24-25). Further, neither of these references 
describes ion implantation processes, the use of a high-k dielectric as a 
charge trapping material, or the use of a high-k dielectric memory device. 
These references do not suggest any modifications to the King/Kirkpatrick 
ion implantations. Likewise, these references do not suggest 
modifications to Halliyars high-k dielectric reduction protection process. 
No evidence has been provided in the Final Office Action to support these 
assumptions, and the Applicant respectfully submits that a prima facie 
case has not been made to combine the prior art references. 

With respect to the third prima facie requirement, even if the 
references are combined, they do not disclose all the elements of the 
claimed invention. Applicant's claim 16 recites forming a gate stack with 
a single layer of a charge trapping high-k dielectric, without 
underlying/overlying oxide insulator layers. None of the references 
explicitly describes these steps. The addition of Chooi and Agarwal to the 
combination of references still suggests no modifications that would make 
these limitations obvious. Claim 23, dependent from claim 16, enjoys the 
same distinctions from the cited prior art. 

3. The rejection of under 35 U.S.C. 103(a) as unpatentable with 
respect to Halliyal, King, and Kirkpatrick, and further in view of 
Liang (US 5,372,957). 

In Section 16 of the Final Office Action claim 24 has been 
rejected under 35 U.S.C. 103(a) as unpatentable with respect to Halliyal, 
King, and Kirkpatrick, and further in view of Liang. The Office Action 
acknowledges that Halliyal/King/Kirkpatrick do not describe a 
drain/source angle implant, as described by Liang. The Office Action 
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states that it would have been obvious to form Halliyal' s source/drain 
regions using Liang's process, to protect the transistor from hot carrier 
degradation. 

Even if Liang does describe an angle implant to form 
source/drain regions, it is not apparent that Liang suggests any 
modifications to the ion implantation processes of either King or 
Kirkpatrick, or to Halliyal's high-k dielectric reduction protection process. 
No evidence has been provided in the Final Office Action to support this 
assumption, and the Applicant respectfully submits that a prima facie 
case has not been made to combine the prior art references. 

With respect to the third prima facie requirement, the 
combination of references does not disclose all the elements of the claimed 
invention. Applicant's claim 16 recites forming a gate stack with a single 
layer of a charge trapping high-k dielectric, without underlying/overlying 
oxide insulator layers. None of the references explicitly describes these 
steps. Neither does the combination of references suggest any 
modifications that make these limitations obvious. Claim 24, dependent 
from claim 16, enjoys the same distinctions from the cited prior art. 

4. The rejection of claim 28 under 35 U.S.C. 103(a) as 
unpatentable with respect to Halliyal, King, and Kirkpatrick, and 
further in view ofMoslehi (US 5,372,957). 

In Section 18 of the Final Office Action claim 28 has been 
rejected under 35 U.S.C. 103(a) as unpatentable with respect to Halliyal, 
King, and Kirkpatrick, and further in view ofMoslehi. The Office Action 
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acknowledges that Halliyal/King/Kirkpatrick do not describe generating 
plasma using an ICP source, as described by Moshehi. 

Again, no evidence has been provided in the Final Office 
Action to support the assumption that an expert would seek to modify the 
Halliyal/King/Kirkpatrick references using an ICP generated plasma, and 
the Applicant respectfully submits that a prima facie case has not been 
made to combine the prior art references. However, even if the above- 
mentioned references can be combined, they do not disclose all the 
elements of the claimed invention. With respect to the third prima facie 
requirement, Applicant's claim 16 recites forming a gate stack with a 
single layer of a charge trapping high-k dielectric, without 
underlying/overlying oxide insulator layers. None of the references 
explicitly describes these steps. Neither does the combination of 
references suggest any modifications that make these limitations obvious. 
Claim 28, dependent from claim 16, enjoys the same distinctions from the 
cited prior art. 
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SUMMARY AND CONCLUSION 

It is submitted that for the reasons pointed out above, the 
claims in the present application clearly and patentably distinguish over 
the cited references. Accordingly, the Examiner should be reversed and 
ordered to pass the case to issue. 

The fee for filing this Appeal Brief is enclosed. Authorization 
is given to charge any deficit or credit any excess to Deposit Account No. 
502,033. 



Date: 




Gerald Maliszewski 
Registration No. 38,054 



Customer Number 55,286 

P.O. Box 270829 

San Diego, CA 92198-2829 

Telephone: (858) 451-9950 

Facsimile: (858) 451-9869 

gerry@ipatentit.net 
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1-15. canceled 

16. (previously presented) A method of fabricating a 
non-volatile memory transistor comprising the steps of: 
preparing a semiconductor substrate; 
forming a gate stack on the substrate, as follows: 

depositing a single layer of high-k dielectric 
material, without an underlying oxide insulator layer and an 
overlying oxide insulator layer; 

exposing the high-k dielectric material to an 

ionized species; 

in response to the ionized species exposure, 
inducing trapping centers in the high-k dielectric material; and 

forming an electrode layer overlying the high-k 
dielectric with the charge trapping centers; and 

forming drain and source regions on opposite sides of the 

gate stack. 



17. (original) A method as in claim 16 wherein the 
high-k dielectric material comprises at least one of aluminum oxide 
(AI2O3), hafnium oxide (Hf02), zirconium oxide (ZrC>2), titanium oxide 
(Ti02), tantalum oxide (Ta205), cesium oxide (Ce02), lanthanum oxide 
(La203), tungsten oxide (WO3), yttrium oxide (Y2O3), bismuth silicon oxide 
(Bi4Si20i2), barium strontium oxide (Bai- x Sr x 03), lanthanum aluminum 
oxide (LaAlOs), hafnium silicate (HfSi04), zirconium silicate (ZrSi04), 
aluminum hafnium oxide (AlHfO), aluminum oxynitride (AlON), hafnium 
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silicon oxynitride (HfSiON), zirconium silicon oxynitride (ZrSiON), 
barium titanate (BaTiOs), strontium titanate (SrTiOa), lead titanate 
(PbTiOa), barium strontium titanate (BST) (Bai- x Sr x Ti03), lead zirconium 
titanate, lead lanthanum titanate, bismuth titanate, strontium titanate, 
lead zirconium titanate (PZT (PbZr x Tii- x 03)) barium zirconium titanate, 
strontium bismuth tantalate, lead zirconate (PbZrOa), PZN (PbZn x Nbi. 
x 0 3 ), PST (PbSc x Tai. x 0 3 ), or PMN (PbMg x Nbi. x 03). 

18-19. canceled 

20. (previously presented) A method as in claim 16 
wherein exposing the high-k dielectric material to the ionized species 
includes exposing the high-k dielectric to a species selected from the group 
consisting of oxygen, nitrogen, and hydrogen. 

21. (previously presented) A method as in claim 16 
wherein exposing the high-k dielectric material to the ionized species 
includes exposing the high-k dielectric material to a plasma for an 
exposure time in the range of about 10 seconds and 100 seconds. 

22. (previously presented) A method as in claim 16 
wherein depositing the high-k dielectric material includes depositing 
using an ALD method. 

23. (previously presented) A method as in claim 16 
further comprising a densification anneal step after the deposition of the 
high-k dielectric material. 
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24. (original) A method as in claim 16 wherein the 
formation of the drain and source regions comprises an angle source and 
drain implantation. 



25. (previously presented) A method as in claim 16 
wherein the semiconductor substrate is selected from a group consisting of 
SOI substrate, bulk silicon substrate, and insulator substrate. 

26. (original) A method as in claim 16 wherein the 
memory transistor is a multi-bit memory transistor. 

27. (previously presented) A method as in claim 16 
wherein exposing the high-k dielectric material to an ionized species 
includes using an ion energy in the range of about 10 to 300 keV and a 
dose in the range of about 1 x 10 14 to 1 x 10 17 . 

28. (previously presented) A method as in claim 16 
wherein exposing the high-k dielectric material to an ionized species 
includes generating a plasma using an inductively coupled plasma (I CP) 
source. 
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In Application Serial No. 10/805,158 
Filed May 19, 2004 

DECLARATION OF DAVID R. EVANS UNDER 37 CFR §1.132 

I, David Russell Evans, Ph.D., hereby declare as follows: 

1. My residence address is 7574 S.W. 179th Street, Beaverton, Oregon 

97007. 

2. Since April 1, 1999 I have been employed by Sharp Laboratories of 
America, Inc. ("SLA"), 5700 N.W. Pacific Rim Boulevard, Camas, Washington 98607, 
and between 1993 and April 1, 1999 1 was employed by SLAs predecessor company, 
Sharp Microelectronics Technology, Inc. ("SMT"), located at the same address. My titles 
at SMT (until April 1, 1999) were, originally, Principal Engineer and, later, Senior 
Member of the Technical Staff, and my title at SLA, since April 1, 1999, is Senior 
Manager: My responsibilities include developing advanced process technologies to 
improve microelectronics fabrication. My technical experience is detailed in the 
accompanying CV. 

3. I have read the claims for the patent application in question, Ono et al., 
Serial Number 10/805,158 (the Applicant), entitled "Charge Trap Non-Volatile Memory 
Structure for 2 Bits per Transistor". I have read the Office Action dated March 10, 2006, 
where claims 16, 17, 20-22, and 25-27 have been rejected as obvious by Halliyal (US 
6,451,641), in view of King (US 6,754,104) and Kirkpatrick (US 4,197,144). I have also 
reviewed the Chooi (US 6,486,080), Agarwal (US 2001/0015453), Liang (US 5,372,957), 
and Moslehi (US 5,846,883) references cited by the Examiner. 

4. The Examiner, on page 4, claims that Halliyal describes all the steps of 
claim 16, except for the step of inducing trapping centers in a dielectric material. The 
Examiner further claims that it would have been obvious to one of ordinary skill in the art 
to induce trapping centers into the dielectric material by exposing the dielectric to an 
ionized species, as suggested by King and Kirkpatrick, to increase the number of storage 
sites within the dielectric layer. 
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5. As explained in the Applicant's specification (pages 1-3), there exist two 
fundamental non-volatile memory device types: they are floating gate and NROM 
devices. The floating gate design uses a conductive charge trapping layer, and is not 
especially relevant to this discussion. The NROM design uses an oxide/nitride/oxide 
(ONO) structure, interposed between a gate electrode and a FET channel region, where 
the nitride layer is a non-conductive charge trapping layer. The tradeoff between oxide 
quality and oxide thickness has encouraged some manufacturers to replace the ONO 
oxide layers with high-k insulating materials. The Applicant's invention simplifies the 
problem by replacing the entire ONO structure with a single (non-conductive) high-k 
dielectric charge trapping layer. Insulating layers are not needed between the Applicant's 
charge trapping channel and the channel Neither is an insulator needed between the 
charge trapping layer and the gate electrode. 

6. Halliyal describes a conventional FET made with a high-k dielectric. 
Halliyal does not describe charge trapping, or the use of a FET as a memory. HalliyaPs 
high-k dielectric cannot store a charge. Halliyal is concerned with depositing polysilicon 
or silicon-germanium in a manner that does not damage a high-k dielectric. I see no 
correlation between the Applicant's memory device and Halliyal' s FET process. 

7. King describes a number of different embodiments that use the 
combination of a depletion-mode insulated-gate FET (IGFET) and a negative differential 
resistance (NDR) FET. An IGFET is a conventional FET device. In column 14, King 
describes the formation of a first electrical insulating layer 1020, with charge traps at or 
near the interface to the Si substrate 1000. A second (gate) insulator layer 1040 is formed 
over the first insulator layer 1020, and King describes techniques for forming charge 
traps in the gate oxide layer (column 14, line 55 through column 15, line 14). 

While King does describe the formation of charge traps in an insulator material, 
such as a high-k dielectric, it is important to understand that these charge trap regions 
have nothing to do with non-volatility. Rather, King uses his charge traps to create a 
negative differential resistance (NDR). I see no crossover between NDR and non-volatile 
memory applications. 
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8. Kirkpatrick describes a PIN diode device that can be used as a memory 
because of charge traps formed in the insulator (I) between the PN junction. The 
insulator is Si02, and the trapping sites are formed by implanting Si ions. 

9. The Examiner's rationale for combining these three references is not clear 
to me. Of the three references, only one reference (Kirkpatrick) describes a memory 
device. Unlike the Applicant's invention, Kirkpatrick describes a diode active device 
with trapping centers in the Si02 insulator between the P and N regions. The Applicant 
does not describe a Si02 insulator, an insulator between P and N regions, or a diode 
active device. It appears to me that the Examiner could not have found a memory device 
that is more different from the Applicant's device than Kirkpatrick's. 

Of the three primary prior art references presented by the Examiner, the Halliyal 
and King references seem even more distant from the Applicant's. While the King and 
Halliyal devices both use a high-k dielectric, neither of these devices can be used for a 
non-volatile memory. While King describes a high-k dielectric gate oxide with charge 
trapping centers, King's charge trapping centers cannot hold a charge or store a memory 
state. 

In summary, I can find no apparent reason for an expert in the art to combine 
three such disparate references as the King, Halliyal, and Kirkpatrick references. Further, 
I can unequivocally state that this combination does not suggest a memory transistor 
invention. Even further, the combination of references does not suggest a memory 
transistor that is able to replace the conventional ONO structure with the high-k dielectric 
charge trapping region described by the Applicant. 

10. In reviewing the other rejections made in view of the Chooi, Agarwal, 
Liang, and Moslehi references, I note that even if it would have been obvious to add the 
features cited in these supplemental references, the combination of any or all of these 
references with Halliyal/King/Kirkpatrick still fails to suggest a device with all the 
features described in Applicant's claim 16. For example, with respect to claim 28, even 
if it would have been obvious to use Moslehi' s ICP source in combination with 
Halliyal/King/Kirkpatrick, that combination would not suggest a non-volatile memory 
transistor made with a high-k gate dielectric, without underlying or overlying oxide 
layers, where charge trapping centers are formed in the high-k dielectric. Likewise, the 
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addition of Liang's angled implantation, or Chooi/AgarwaFs densification annealing, 
even when combined with Halliyal/King/Kirkpatrick, does not describe the features of 
Applicant's claim 16. Therefore, I do not consider these supplemental references 
particular relevant to the issue of whether the Applicant's invention is obvious. 

11. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true, and 
further that these statements were made with the knowledge that willful, false statements 
and the like so made are punishable by fine or imprisonment, or both, under Section 1001 
of Title 18 of the United States Code and that such willful, false statements may 
jeopardize the validity of the application or any patent issuing thereon. 




David R. Evans 



Date 
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David Russell Evans 



Professional Education: 

1981 Ph D in Physical Chemistry, Iowa State University, Ames, Iowa. Dissertation. 
"A Comparative Study of Classical and Quantal Approaches to Thermal and 
Diffusive Transport in a Dilute Atom-Diatom Binary Mixture" 

1974 B. S. in Chemistry, Summa Cum Laude, (GPA 3.98) University of Missoun- 
Rolla, Rolla, Missouri. 

Employment History: 

5/1999 - Present . 

Sr Manager, Dept. 5, SHARP Laboratories of America, Inc. 
Responsible for project management and technical guidance of advanced 
resistive memory project. Previously, directed CVD copper interconnect 
research and development. In addition, manage chemical synthesis and 
associated material development. Directly responsible for advanced CMP 
research directed toward novel device structures, advanced perovskite materials, 
noble metals, nanostructures, and sensors. 

5/1994- 5/1999 

Sr. Member of Technical Staff, Process Technology Laboratory, SHARP 
Microelectronics Technology, Inc. 

Major responsibility was research and development of chemical mechanical 

polishing (CMP) of copper for advanced interconnect and dielectric materials for 

shallow trench isolation and related device structures. 
11/1988-5/1994 

Principal Engineer, Integrated Circuit Operations, Tektronix, Inc. 

Major responsibility was thin film development and manufacturing, primarily for 

use as diffusion barriers and thin film resistors. 

11/1986- 11/1988 rT . 

Principal Engineer, Liquid Crystal Strategic Program Unit, Tektronix, Inc. 
Major responsibility was large area photolithography for optical shutters and 
passive matrix flat panel displays. 

10/1980- 11/1986 ^ . _ 

Sr Development Engineer, Bipolar Process Development Dept., Tektronix, Inc. 
Major responsibility was plasma etching and deposition. Implemented the first 
plasma etch processes for integrated circuit fabrication in Tektronix. 

Teaching Experience: 

9/1994- 10/2004 

Adjunct Faculty-Oregon Graduate Institute of Oregon Health and Science 
University 



Graduate level course, Microelectronics Fabrication I,, ECE 560, during fall 
term: The course covers semiconductor materials, crystal structure and growth, 
thermal oxidation, ion implantation and diffusion. It is part of a one-year 
sequence in semiconductor processing that typically is taken both by 
matriculating graduate students from and working professionals drawn from 
local industry. 
3/1981 -5/1981 

Instructor-Iowa State University 
Undergraduate level course, Physical Chemistry: The course covered chemical 
reaction kinetics, kinetic theory of gases, transport theory, x-ray diffraction and 
crystal structure. Prepared all lectures and exams. 

Refereed Journal and Proceedings Publications: 

David R. Evans and Michael R. Oliver, Chemical Mechanical Planarization-Integration, 

Technology and Reliability , Mater. Res. Soc, PV-867, Warrendale, PA, pg. 189, 

2005 (invited). "Abrasive Contribution to CMP Friction" 
Parshuram B. Zantye, S. Mudhivarthi, Ashok Kumar, and David Evans, , Chemical 

Mechanical Planarization-Integration, Technology and Reliability , Mater. Res. Soc, 

PV-867, Warrendale, PA, pg. 75, 2005. "In-situ Metrology for End Point Detection 

during Chemical Mechanical Polishing of Shallow Trench Isolation Structure' 1 
Tingkai Li, Sheng Teng Hsu, Bruce Ulrich, and David Evans, Appl Phys. Lett., 86, 

123513, Mar. 18, 2005. "Semiconductive Metal Oxide Ferroelectric Memory 

Transistor: A Long Retention Non-volatile Memory Transistor" 
T. K. Li, S. T. Hsu, Bruce D. Ulrich, and David R. Evans, IEEE Trans, on Elec. Dev. y 

50(11), 2280, 2003. "The Thermal Stability of One-Transistor Ferroelectric Memory 

with Pt-Pb 5 Ge 3 On-Ir-Poly-Si02-Si Gate Stack" 
T. K. Li, S. T. Hsu, B. Ulrich, L. Stecker, D. Evans, and L J. Lee, IEEE Elec. Dev. Lett, 

23(6), 339, 2002. "One-transistor Ferroelectric Memory with Pt/Pb 5 Ge 3 O n /Ir/Poly- 

Si/Si0 2 /Si Gate Stack" 
T. K. Li, S. T. Hsu, B. Ulrich, H. Ying, L. Stecker, D. Evans, Y. Ono, J.-S. Maa, and J. J. 

Lee, Appl Phys. Lett., 79(11), 1661, 2001. "Fabrication and Characterization of 

Pb 5 Ge 3 0u One-Transistor Memory Device" 
W. Zhuang, L. Chameski, D. Evans, S. T. Hsu, Z. Tang and A. Guloy, de Physique IV, 

EUROCVD 13, Aug. 2001. "CVD Copper Thin Film Deposition Using (a- 

methylstyrene)Cu(I)(hfac)" 
W. Pan, D. Evans, R- Barrowcliff, and S. T. Hsu, J. de Physique IV, EUROCVD 13, Aug. 

2001. "Growth Kinetics Study of CVD Cu on TiN Barriers" 
F. Zhang, S. T. Hsu, Y. Ono, B. Ulrich, Wei Wei Zhuang, H. Ying, L. Stecker, D. Evans, 

and J.-S. Maa, Japan. J. of Appl Phys., 40, L635, 2001. "Fabrication and 

Characterization of Sub-Micron Pt/Pb 5 Ge30 n /ZrO2/Si Structure" 
David R. Evans and Michael R. Oliver, Chemical Mechanical Polishing 2001 -Advances 

and Future Challenges, Mater. Res. Soc, PV-671, Warrendale, PA, pg. Ml.4.1, 2001 

(invited). "Rotational Averaging of Material Removal During CMP" 



David R Evans Michael R. Oliver, and Mike Kulus, Chemical Mechanical Plananzanon 
IV Electrochem. Soc. PV-2000-26, Pennington, NJ, pg- 122, 2001. "Morphology 
Evolution during Copper CMP: Comparison of Fixed Abrasive and Conventional 
Pads" 

Weiwei Zhuang, Lawrence J. Chameski, David R. Evans, and Sheng Teng Hsu, 
Advanced Metallization Conference 1999 . Mater. Res. Soc, Warrendale, PA, pg. 
213, 2000. "New Copper Precursor for Chemical Vapor Deposition of Pure Copper 

Thin Films" ^, _ „ n ... 

Y Ma D. R. Evans, T. Nguyen, Y. Ono, and S. T. Hsu, IEEE Elec. Dev. Lett., 20(5), 
254, 1999. "Fabrication and Characterization of Sub-Quarter-Micron MOSFET's 
with a Copper Gate Electrode" 

Yanjun Ma Douglas J. Tweet, Larry Charneski, and David R. Evans, Advanced 
Metallization Conference in 1998 . Mater. Res. Soc, Warrendale, PA, pg. 357, 1999. 
"Density Oscillation in Sputtered Tantalum Nitride Barrier Metal Thin Films" 

T Nguyen, L. J. Charneski, and D. R. Evans, J. of the Electrochem. Soc, 144(10), 3634, 
1 997. "Temperature Dependence of the Morphology of Copper Sputter Deposited on 

TiN Coated Substrates" 
D R Evans, Ch emicaj Mechanical Planarizarion I , Electrochem. Soc. PV-96-22, 

Pennington, NJ, pg- 70, 1997. "Electrochemical Interaction between Copper and 

Barrier Materials During Chemical Mechanical Polishing" 
D R. Evans, Y. Ono, J.-F. Wang, A. R. Sethuraman, amd L. M. Cook, Advanced 

Metallization and Interconnect Systems for IJLSI Applications in 1995, Mater. Res. 

Soc, Warrendale, PA, pg. 717, 1996. "Yield and Defect Characterization of CMP 

Copper Metallization" 

Y Ono, D. R. Evans, and T. Nguyen, Advanced Metallization and Interconnect Systems 
' for ULSI Applications in 1995 , Mater. Res. Soc, Warrendale, PA, pg. 165, 1996. 

"Comparison of Electromigration Characteristics of Pure Copper and Aluminum 
Alloy Metallizations" 

Z Karim and D. Evans, Advanced Metallization and Interconnect Systems for ULS I 
' Ap plications in 1995, Mater. Res. Soc, Warrendale, PA, pg. 101, 1996. 

"Improvement of the Dielectric Properties of Silsesquioxane Based Spm-on-Polymer 

by Plasma Treatment and Other Novel Techniques" 
David M Leet and David R. Evans, J. of the Electrochem. Soc, 142(6), 2013, 1995. "3% 

Ti-Tungsten Barriers II. The Effect of Deposition Temperature and Nitrogen 

Inclusion" 

J Wu, J. D. Parsons, and DR. Evans, J. of the Electrochem. Soc, 142(2), 669, 1995. 
"Sulfur Hexafluoride Reactive Ion Etching of (1 1 1) p-SiC Epitaxial Layers Grown on 
(111) TiC Substrates" 

J Wu, J. D. Parsons, and D. R. Evans, J. of the Electrochem. Soc, 141(10), 2915, 1994. 
"Reactive Ion Etching of (111) P-SiC Epitaxial Layers on (111) TiC Substrates in 
CF 4 +0 2 +Ar" 

David M. Leet and David R. Evans, J. of the Electrochem. Soc, 141(7), 1867, 1 994. "3% 
Ti-Tungsten Barriers I: A Discussion of the Role of the A 1 5 Structure" 



D. R. Evans, SOTAPOCS XIII and Metallization of III-V Compound Semiconductors , 
Electrochem. Soc. PV-91-1, Pennington, NJ, pg. 354, 1991. "Sputter-Deposited 
Nitrogen-doped Titanium-Tungsten: Material and Etching Characteristics" 

J. Dwire, D. Evans, D. Fuoss, and D. Hoy, SOTAPOCS XIII and Metallization of III-V 
Compound Semiconductors , Electrochem. Soc. PV-9M, Pennington, NJ, pg. 346, 
1991 . "Defect Characterization for a Two-layer Gold I. C. Interconnect" 

D. R. Evans, G- T. Evans, and D. K, Hoffman, /. of Chem. Phys., 93(12), 8816, 1990. 
"Chattering Collisions and Their Effects on Gas Phase Rotational Energy Relaxation 
Cross Sections" 

D. J. Economou, D. R. Evans, and R. C. Alkire, J. of the Electrochem. Soc, 135(3), 756, 

1988. "A Time Average Model of the RF Plasma Sheath" 
R. G. Cole, D. R. Evans, and D. K. Hoffman, /. ofChem. Phys., 82(4), 2061, 1985. "A 

Renormalized Theory of Dilute Molecular Gases: Chattering" 
G. T. Evans and D. R. Evans, J. of Chem. Phys., 81(12), 6039, 1984. "Kinetic Theory of 

Rotational Relaxation in Liquids: Smooth Spherocylinders and Rough Sphere 

Models" 

D. R. Evans, Plasma Processing IV , Electrochem. Soc. PV-83-10, Pennington, NJ, pg. 
199, 1983. "Dry Etched Vias for Two Layer Interconnect on High Density Bipolar 
Integrated Circuits" 

D. E. Fitz, D. J. Kouri, W.-K. Liu, F. R. McCourt, D. Evans, and D. K. Hoffman, J. of 
Phys. Chem., 86(7), 1087, 1982. "The Utility of the CS and IOS Approximations for 
Calculating Generalized Phenomenological Cross Sections in Atom-Diatom Systems" 

V. Khare, D. E. Fitz, D. J. Kouri, D. Evans, and D. K. Hoffman, Potential Energy 
Surfaces and Dynamics Calculations , ed. D. Truhlar, Plenum, NY, pg. 717, 1981. 
"On CC and CS Descriptions of Phase Sensitive Cross Sections: Computations for 
He+HCl" 

D. E. Fitz, D. J. Kouri, D. Evans, and D. K. Hoffman, of Chem. Phys. 7 74(9), 5022, 
1981. "On CC, CS, and IOS Generalized Phenomenological Cross Sections for 
Atom-Diatom Systems" 

Conference Presentations: 

John F. Conley, Jr., D. Evans, W. Gao, L. Stecker, and Y. Ono, in collaboration with D. 
McClain, C Fei, and J. Jiao, MRS Meeting-Spring 2005, San Francisco, CA, Mar. 28- 
3 1 , 2005. "Self Catalyzed Growth of Nanocones During DC Magnetron Sputtering of 
an ITO Targets" 

David R. Evaus, MRS Meeting-Spring 2005, San Francisco, CA, Mar. 28-31, 2005. 
"Performance of Silicon, Cerium, and Zirconium Oxide Abrasives in Dielectric 
CMP" (invited) 

Michael R. Oliver and David R. Evans, MRS Meeting-Spring 2005, San Francisco, CA, 

Mar. 28-31, 2005. "Abrasive Contribution to CMP Friction" 
Wei Pan, Robert Barrowcliff, David Evans, and Sheng Teng Hsu, TMS Annual Meeting- 

2005, San Francisco, CA, Feb. 14-16, 2005. "MOCVD Ultra Thin Tungsten Nitnde 

Films as Barrier Metal for Interconnect Applications" 



Tingkai Li, Sheng Teng Hsu, Bruce Ulrich, and David Evans, MRS Meeting-Fall 2004, 

Boston, MA, Nov. 30-Dec. 3, 2004. "Device Structures and Characterization of One 

Transistor Ferroelectric Memory Devices" 
David R. Evans, MRS Meeting-Spring 2004, San Francisco, CA, Apr. 12-16, 2004. 

"Cerium Oxide - Observations and Analysis" {invited) 
T. K. Li, S. T. Hsu, B. Ulrich, and D. Evans, MRS Meeting-Fall 2003 , Boston, MA, Dec. 

1-5, 2003. "Characteristics and Calculation of One-Transistor Memory Devices" 
T. K. Li, B. Ulrich, D. Evans, and S. T. Hsu 7 MRS Meeting-Fall 2003, Boston, MA, Dec. 

1-5, 2003. "Selective Deposition of C-Axis Oriented Pb 5 Ge 3 Ou on Patterned Hi-k 

Gate oxide by MOCVD Processes" 
David R. Evans, MRS Meeting-Spring 2003, San Francisco, CA, Apr. 21-25, 2003. 

"Slurry Admittance and its Effect on Polishing" 
W. Meyer, D. R. Evans, and R. Solanki, MRS Meeting-Spring 2003, San Francisco, CA, 

Apr. 21-25, 2003. "Blech Length versus Titanium-Nitride Barrier Thickness" 
T. K. Li, B. Ulrich, F. Zhang, D. Evans, and S. T. Hsu, Symp, on Integrated 

Ferroelectrics, Colorado Springs, CO, Mar. 9-12, 2003. "The Effects of Integration 

Processes on the Properties of One Transistor MFMPOS Memory Devices" 
W. W. Zhuang, W. Pan, Sheng Teng Hsu, D. R. Evans, F. Zhang, S. Liu, N. Wu, and A. 

Ignatiev, Symp. on Integrated Ferroelectrics, Colorado Springs, CO, Mar. 9-12, 2003. 

"Introduction to the Resistance Switch Properties of PCMO Spin-Coating Thin 

Films" 

David Evans, 2003 CMP for VLSI Multilevel Interconnection Conf. (CMP-MIC), Marina 
Del Ray, CA, Feb. 21, 2003 (invited). "Emergent CMP Applications" 

T. K. Li, S. T. Hsu, B. Ulrich, F. Zhang, D. and D. Evans, MRS Meeting-Fall 2002, 
Boston, MA, Dec. 1-5, 2002. "Integration Processes and Properties of One-transistor 
Memory Devices" 

W. Zhuang, J. Conley, Y. Ono, D. Evans, and R. Solanki, Int. Joint Conf on the 

Applications of Ferroelectrics, Nara, Japan, May 28-Jun. 1, 2002. "Hafnium Nitrate 

Precursor Synthesis and Hafnium Oxide Thin Film Properties" 
T. K. Li, S. T. Hsu, B. Ulrich, and D. Evans, Int. Joint Conf on the Applications of 

Ferroelectrics, Nara, Japan, May 28-Jun. 1, 2002. "Comparison of MFOS and 

MFMOS One-transistor Memory Devices" 
T. K. Li, S. T. Hsu, B. Ulrich, L. Stecker, and D. Evans, Int. Joint Conf on the 

Applications of Ferroelectrics, Nara, Japan, May 28-Jun. 1, 2002. "One-transistor 

Memory Devices with Improved Retention Characteristics" 
David R. Evans, MRS Meeting-Spring 2002, San Francisco, CA, Apr. 1-5, 2002 (invited). 

"Comparison and Evolution of Copper CMP Consumable Technology * 
David R. Evans and Michael R. Oliver, 2001 Clarkson Univ. Int. CMP Symp., Lake 

Placid, NY, Aug. 12-15, 2001. "Topological Characteristics of Dielectric Polishing 

with Ceria Abrasives" 

Fengyan Zhang, Sheng Teng Hsu, Yoshi Ono, Wei Wei Zhuang, Bruce Ulrich, Lisa 
Stecker, David Evans, and Jer-shen Maa, 13 th Int. Symp. on Integrated Ferroelectrics, 
Colorado Springs, CO, Mar. 11-14, 2001. "Integration and Characterization of 
MFISFET Using Pb 5 Ge 3 O n " 



David R. Evans, 2000 Clarkson Univ. Int. CMP Symp., Lake Placid, NY, Aug. 13-17, 

2000- "CMP for Advanced Front End Processing" 
Fengyan Zhang, Sheng Teng Hsu, Hong Ying, David Evans, Shigeo Ohnishi, and 

Wendong Zhen, IEEE Int. Symp. on the Applications of Ferroelectrics, Honolulu, 

HA, July 3 1-Aug. 2, 2000. "Integration of SBT Thin Film into MFMOS Structure for 

One Transistor Memory Applications" 
Douglas Tweet, Sheng Teng Hsu, David R. Evans, Bruce Ulrich, Yoshi Ono, and Lisa 

Stecker, ECS Meeting-Spring 2000, Toronto, ON, Canada, May 14-19, 2000. "High 

Performance Buried SiGe Channel PMOST Fabricated Using Rapid Thermal 

Processing and Shallow Trench Isolation" 
Hongning Yang, Douglas Tweet, Lisa Stecker, Wei Pan, David R. Evans, and Sheng 

Teng Hsu, ECS Meeting-Spring 2000, Toronto, ON, Canada, May 14-19, 2000. 

"Development of PECVD Low-k Carbon-doped Silicon Oxide Using SiH4 Based 

Precursor" 

Hongning Yang, Douglas Tweet, Lisa H. Stecker, David R. Evans, and Sheng Teng Hsu, 

MRS Meeting-Spring 2000, San Francisco, CA, Apr. 24-28, 2000. "Study of SiH 4 - 

based PECVD Low-k Carbon-doped Silicon Oxide" 
D. R. Evans, M. R. Oliver, and ML K. Ingram, 2000 CMP for ULSI Multilevel: 

Interconnection Conf (CMP-MIC), Santa Clara, CA, Mar. 2-3, 2000. "Separation of 

Pad and Slurry Effects in Copper CMP" 
David R. Evans, A VS l si Int. Conf on Microelectronics and Interfaces, Santa Clara, C A, 
Feb. 9, 2000 (invited). "Electrochemical and Associated Interactions in an 
Integrated Polished Copper Interconnect Process" 
Yanjun Ma, Yoshi Ono, Lisa Stecker, David R. Evans, and S. T. Hsu, IEEE Int. Elec. 

Dev. Mtg. 1999, Washington, DC, Dec. 5-8, 1999. "Zirconium Oxide Based Gate 

Dielectrics with Equivalent Oxide Thickness of Less Than 1.0 nm and Performance 

of Submicron MOSFET using a Nitride Gate Replacement Process" 
David Evans, Bruce Ulrich, Michael Oliver, and Sharath Hosali, 1999 Clarkson Univ. Int. 

CMP Symp., Lake Placid, NY, Aug. 8-11, 1999. 'Tolysilicon Polish Stop for STI 

CMP Using Experimental Slurry" 
David J. Stein, Dale L. Hetherington, James E. Stevens, Michael R. Oliver, Sharath D. 

Hosali, and David R. Evans, 1999 Clarkson Univ. Int. CMP Symp., Lake Placid, NY, 

Aug. 8-11, 1999. "Oxide CMP Using Ceria-based Slurries" 
S. T. Hsu, D. Evans, T. Nguyen, and H. Yang, Sixth Symp. on Nano Device Technology, 

National Nano Device Laboratories, National Science Council, Taiwan, ROC, May 

12-13, 1999. "Cu/a-F:C Interconnect Technology" 
D. R. Evans, 1999 Int. Conf On GaAs Manufacturing Technology, Vancouver, BC, 

Canada, Apr. 19, 1999 (invited). "The Role of CMP in the Fabrication of Advanced 

Interconnect" 

H. Yang, D. R. Evans, T. Nguyen, L. Stecker, B. Ulrich, and S. T. Hsu, MRS Meeting- 
Spring 1999, San Francisco, CA, Apr 5-9, 1999. "Multilevel Damascene 
Interconnection in Integration of MOCVD Cu and Low-k Fluorinated Amorphous 
Carbon" 



David J. Stein, Dale L. Hetherington, James E. Stevens, Michael R. Oliver. Sharath D. 
Hosali, and David R. Evans, MRS Meeting-Spring 1999, San Francisco, CA, Apr. 5-9, 
1999. "Investigation of a Self-stopping ILD CMP System" 

H. Yang, D. R. Evans, T. Nguyen, L. Stecker, B. Ulrich, and S. T. Hsu, MRS Meeting- 
Spring 1999, San Francisco, CA, Apr. 5-9, 1999- "Multilevel Damascene 
Interconnection in Integration of MOCVD Cu and Low-k Fluorinated Amorphous 
Carbon" 

Tue Nguyen, Hongning Yang, David Evans, Bruce Ulrich, Lisa Stecker, and Sheng Teng 

Hsu, 1998 Advanced Metallization Conf. 7 Colorado Springs, CO, Oct. 6-8, 1998. 

"Integration of MOCVD Copper and Low-k Fluorinated Amorphous Carbon in Single 

and Dual Damascene Interconnection" 
David Evans, CMP Technology for VLSI Interconnection Seminar at SEMICON West, 

San Francisco, CA, Jul. 14, 1998 (invited). "Pattern Dependence and Planarization 

for Shallow Trench Isolation" 
T. Nguyen, H. Yang, D. R. Evans, and S. T. Hsu, 1998 VLSI Multilevel Interconnection 

Conf (VMIC), Santa Clara, CA, Jun. 16-18, 1998, pg. 31. "Integration of MOCVD 

Copper and Low-k Fluorinated Amorphous Carbon in Single Damascene Structures" 
H. Yang, D. Evans, J. Takason and T. Hara, ECS Meeting-Spring 1998, San Diego, CA, 

May 5, 1998 "Thermal Stability of Organic Interlayers with Low Dielectric Constant" 
Hongning Yang, Douglas Tweet, Yanjun Ma, Tue Nguyen, David Evans, and Sheng Teng 

Hsu, MRS Meeting-Spring 1998, San Francisco, CA, Apr. 13-16 1998. "Thermal 

Stability and Structural Evolution of Low-k Fluorinated Amorphous Carbon During 

Thermal Annealing" 

H. Yang, D. Evans, J. Takason and T. Hara, Ion Beam Technology Symp., Tokyo, Japan, 

Apr. 1998. "Properties of Organic Low Dielectric Layers" 
David Evans, Bruce Ulnch, and M. Oliver, 1998 CMP for ULSI Multilevel 

Interconnection Conf (CMP-M1C), Santa Clara, CA, Feb. 16-17, 1998. "Pattern 

Dependence and Planarization using Silica or Ceria Slurries for Shallow Trench 

Isolation" 

David Evans, InL CMP Symp. at SEMICON Korea, Seoul, Korea, Jan. 1998 (invited). 

"Pattern Dependence and Planarization for Shallow Trench Isolation" 
T. Nguyen, Y. Ono, D. R. Evans, Y. Senzaki, M. Kobayashi, L. J. Charneski, B. D 

Ulrich, and S. T. Hsu, ECS Meeting-Fall 1997, Paris, France, Aug. 31~Sep. 5, 1997. 

"Electrical Characteristics of CVD Copper Interconnects and Vias" 
D. R. Evans, T. Nguyen, Y. Ono, M. Kobayashi, and S. T. Hsu, 52 nd Symp. on 

Semiconductors and Integrated Circuits Technology, Japan. ECS, Osaka, Japan, Jun. 

12-13, 1997 (invited). "Integration of Copper Metallization with Bulk and SIMOX 

CMOS Device Technology" 
Tue Nguyen, Dave Evans, and Sheng Teng Hsu, 1997 VLSI Multilevel Interconnection 

Conf (VMIC), Santa Clara, CA, Jun. 10-12, 1997. "Integration of MOCVD Copper 

Metallization with SIMOX Devices" 
D. R. Evans, 2 nd Int. CMP Symp., Tokyo, Japan, Dec. 2, 1996 (invited). "Electrochemical 

Interaction between Barrier Metals and Copper During Chemical Mechanical 

Polishing" 



T. Nguyen, B. D. Ulrich, L. R. Allen, and D. R. Evans, IEEE Symp. on VLSI Technology, 

pg. 118, Honolulu, HA, Jun. 11-13, 1996. "A Novel Damascene Process for One 

Mask Via/Interconnect Formation" 
T. Nguyen, D. Evans, and S. T. Hsu, ULSI Technology Seminar at SEMICON Kansai, 

Osaka, Japan, May 30-31, 1996. "MOCVD Copper Metallization: Deposition and 

Integration" 

Z. Karim and D. Evans, 1996 Dielectrics for ULSI Multilevel Interconnection Conf 

(DUMIC), Santa Clara, CA, Feb. 20, 1996. "Integration Issues for Use of 

Silsesquioxane Based Spin-on-Polymer with Sub-half Micron Technology" 
J-F. Wang, A. R- Sethuraman, L. M. Cook, D. R. Evans, and V. L. Shannon, 1995 VLSI 

Multilevel Interconnection Conference (VMIC), pg. 505, Santa Clara, CA, Jun. 1995. 

"Chemical Mechanical Polishing of Cu Metallized Multilevel Interconnect Devices 71 
T. Nguyen and D. Evans, MRS Meeting-Fall 1994 \ Boston, MA, Nov. 27-Dec. 2, 1994. 

"Stress and Adhesion of CVD Copper and TiN" 
J.-S. Maa, D. Evans, L. Allen, T. Hsieh, J. Grant, G. Stecker, and B. Ulrich, SPIE 1994 

Microelectronics Manufacturing Conf, October 19, 1994. "Monitoring of Highly 

Selective Plasma Etch Process" 

Other Publications: 

D. R. Evans in Tutorial Session Notes; "Recent Advances in Chemical Mechanical 

Planarization Technology", MRS Meeting-Spring 2005 , San Francisco, CA, Mar. 28- 

31, 2005. "CMP Integration" 
D. R. Evans in Chemical-Mechanical Planarization of Semiconductor Materials (Springer 

Series in Materials Science, 69), ed. M. R. Oliver, Springer-Verlag, 

Berlin/Heidelberg, Mar. 2004. "Metal Polishing" 
David Evans, MRS Bulletin, 27(10), Oct. 2002, pg. 779. "The Future of CMP" 

U. S. Patents Granted: 

T. K. U W. W. Zhuang, L. Charneski, D. Evans, and S. T. Hsu, 6,972,239, Dec. 6, 2005. 

"Low Temperature MOCVD Processes of Pr x Ca^ x Mn03 Thin Films" 
T. K. Li, B. Ulnch, D. Evans, and S. T. Hsu, 6,951,825, Oct 4, 2005. "Method of 

Etching SiN/Ir/TaN or SiN/Ir/Ti Stack Using an Aluminum Hard Mask" 
W. W. Zhuang, T. K. Li, D. Evans, S. T. Hsu, and W. Pan, 6,939,724, Sep. 6, 2005. 

"Method for Obtaining Reversible Resistance Switches on the PCMO Thin Film 

Integrated with a Highly Crystallized Seed Layer" 
S. T. Hsu, T. K. Li, and D. Evans, 6,927,120, Aug. 9, 2005. "Symmetric Crystalline 

Structure" 

S. T. Hsu, T. K. Li, and D. Evans, 6,927,074, Aug. 9, 2005. "Asymmetric Memory Cell 75 
W. W. Zhuang, D. Evans, and S. T. Hsu, 6,899,858, May 30, 2005. "Synthesis of 

Hafnium Nitrate for Hf0 2 Thin Film Deposition via ALD Process" 
T. K. Li, W. Pan, R. Barrowcliff, D. Evans, and S. T. Hsu, 6,849,467, Feb. 1, 2005. 

"MOCVD of Ti0 2 Thin Film for Use as FeRAM H 2 Passivation Layer" 



T. K. Li, S. T. Hsu, D. Evans, and B. Ulrich, 6,794,198, Sep. 21, 2004. "MOCVD 
Selective Deposition of C-axis Oriented Pb 5 Ge 3 On Thin Films on High-K Gate 
Oxides" 

W. Pan, J.-S. Maa, D. Evans, and S. T. Hsu, 6,777,327, Aug. 17, 2004. "Barrier Metal 
Surface Treatment Prior CVD Cu Deposition to Improve Adhesion and Trench 
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